Background. Positive peritoneal fluid cytology predicts poor outcome in patients with resected pancreatic cancer. Reverse transcription-polymerase chain reaction (RT-PCR) has been proposed as a more sensitive means of detection of peritoneal micrometastases than conventional cytology. The clinical significance of RT-PCR positivity in the absence of other evidence of peritoneal disease is unknown. The purpose of the current study was to determine the outcome RT-PCR positive/cytology-negative patients who underwent potentially curative resection. Methods. Peritoneal washings were collected prospectively from 115 patients with pancreatic cancer undergoing diagnostic laparoscopy at a single institution. Specimens were analyzed by a cytopathologist and by RT-PCR for carcinoembryonic antigen (CEA). Results. Of the 115 patients, 62 (54%) underwent R0 resection. Eleven of the 62 patients (18%) had peritoneal washings that were negative by conventional cytology but positive for CEA by RT-PCR. Those 11 patients experienced early peritoneal and overall disease recurrence versus those who were RT-PCR negative (P = 0.001, P = 0.003, respectively) independent of nodal status. Conclusions. RT-PCR for CEA is a sensitive and specific method for the detection of clinically significant peritoneal micrometastases from pancreatic cancer and it might identify a subgroup of patients with otherwise negative findings at staging laparoscopy who might respond better to treatment other than primary surgical resection.
The clinical significance of RT-PCR positivity in the absence of other evidence of peritoneal disease is unknown. The purpose of the current study was to determine the outcome RT-PCR positive/cytology-negative patients who underwent potentially curative resection. Methods. Peritoneal washings were collected prospectively from 115 patients with pancreatic cancer undergoing diagnostic laparoscopy at a single institution. Specimens were analyzed by a cytopathologist and by RT-PCR for carcinoembryonic antigen (CEA). Results. Of the 115 patients, 62 (54%) underwent R0 resection. Eleven of the 62 patients (18%) had peritoneal washings that were negative by conventional cytology but positive for CEA by RT-PCR. Those 11 patients experienced early peritoneal and overall disease recurrence versus those who were RT-PCR negative (P = 0.001, P = 0.003, respectively) independent of nodal status. Conclusions. RT-PCR for CEA is a sensitive and specific method for the detection of clinically significant peritoneal micrometastases from pancreatic cancer and it might identify a subgroup of patients with otherwise negative findings at staging laparoscopy who might respond better to treatment other than primary surgical resection.
Pancreatic adenocarcinoma continues to have a dismal survival. Surgery is currently the only therapeutic modality that offers any potential for cure. Pancreatectomy is not without risk, with operative morbidity of 38-50% and mortality of 1-6%. [1] [2] [3] Efforts should be made to identify those patients who may benefit from resection and to avoid unnecessary resection in patients who will not. Patients with subradiologic metastatic disease are destined for early recurrence after resection despite curative intent.
Computed tomography (CT), endoscopic ultrasound (EUS), and staging laparoscopy (SL) are the primary modalities used for preoperative assessment of patients with pancreatic cancer. Preoperative evaluation with CT has historically been associated with relatively low resectability rates at laparotomy. Recent studies from our institution and others report 80-90% resectability in patients with pancreatic cancer with high-resolution, multidetector CT for preoperative evaluation. [4] [5] [6] [7] CT scans and EUS allow for enhanced assessment of locally advanced disease and gross distant metastases, but despite technological advances still cannot provide accurate assessment of small metastatic deposits to the liver and peritoneum and micrometastatic disease in peritoneal fluid.
SL identifies radiographically occult metastatic disease in 12-21% of patients with pancreatic adenocarcinoma. found to have metastatic or micrometastatic disease to the peritoneum. 8 In the absence of liver metastases, positive peritoneal cytology (PPC) is found in approximately 15% of patients with pancreatic cancer with radiographically resectable disease undergoing laparoscopy, and it predicts poor prognosis. [9] [10] [11] [12] Patients with PPC have the same poor prognosis after surgery as patients with grossly visible metastatic disease present at the time of resection. 10 PPC is defined as stage IV disease in the 2002 American Joint Commission on Cancer staging system. 13 PPC involves cytologic examination of peritoneal lavage fluid by a cytopathologist, with or without immunohistochemistry. This test is specific but lacks sensitivity and is highly dependent on both cytopathologist and cellularity of the sample. Many patients with pancreatic cancer with negative cytology develop early peritoneal recurrence after R0 resection of their primary tumors. This observation has lead to the investigation of more sensitive molecular techniques, such as microarray analysis and reverse transcription-polymerase chain reaction (RT-PCR), for detection of metastatic cancer cells in peritoneal fluid. [14] [15] [16] [17] We previously selected a panel of tumor markers associated with pancreatic cancer, including carcinoembryonic antigen (CEA), cytokeratin 7 (CK7), Kras2, and MUC1. CEA was the most sensitive and specific marker, whereas the others were highly nonspecific. 18 We also found that [ 10% of patients had positive findings by RT-PCR for CEA but had negative cytology and essentially no other evidence of metastatic disease.
The current study was designed to evaluate whether RT-PCR positive status is clinically significant in patients with pancreatic cancer with no other evidence of metastatic disease. In addition to standard SL with peritoneal fluid cytology, we performed RT-PCR for CEA mRNA on peritoneal lavage samples from patients with pancreatic adenocarcinoma. We then followed curatively resected patients to determine outcome.
MATERIALS AND METHODS

Patients
From March 2006 to January 2008, peritoneal washings were collected prospectively from patients who underwent laparoscopy for staging of pancreatic adenocarcinoma at our institution. Eligible patients were older than 18 years and had pancreatic cancer based on radiologic imaging studies and/or tissue diagnosis. Patients were identified preoperatively and provided informed consent, after Institutional Review Board approval. Patients were followed by interval physical examination, labs, and CT scan of the abdomen and pelvis. Time of recurrence was defined as the date of the first abnormal lab test or imaging study that indicated recurrent disease. In most cases, peritoneal recurrence was demonstrated as new peritoneal thickening or studding on CT scan.
Laparoscopic Evaluation
Patients underwent staging laparoscopy (SL) under general anesthesia. A 10-mm, 30-degree laparoscope was placed through the umbilical port. Additional trocars (5 mm) were placed in the right or left upper quadrants, or both. A systematic examination of the peritoneal cavity was performed. Normal saline was introduced into the right and left upper abdomen and pelvis and was aspirated after gentle agitation but before manipulation or biopsy of primary or metastatic tumor. In all cases, three samples from each site were collected and divided into two parts: half from each sample was sent for cytologic examination with conventional Papanicolaou staining, and half was transported on ice to the laboratory for RNA isolation. During the laparoscopic examination, any visible suspicious lesions were biopsied and sent for frozen and permanent section.
Cytologic Evaluation
Specimens for cytology were placed in Cytolyte fixative (Cytyc Corp; Marlborough, MA). After centrifugation for 10 min, the resulting cell pellet was fixed with PreservCyte (Cytyc Corp). Using the Thin Prep procedure, two slide preparations were made. The first was stained with a modified hematoxylin and eosin preparation, and the second using the Papanicolaou method.
RNA Isolation
Each of three peritoneal washing samples per patient was centrifuged at 800 rpm for 5 min at 4°C. The three pellets were combined and resuspended in a volume of 1 mL of supernatant. The combined sample was centrifuged again at 8000 9g for 5 min at 4°C. The resulting pellet was processed according to the RNeasy Mini-Kit (Qiagen; Valencia CA) as described by the manufacturer. The pellet was resuspended by addition of Buffer RLT with beta-mercaptoethanol. Samples were homogenized by repeated passage through a blunt 20-gauge needle. Lysates were washed with 70% ethanol and transferred to the RNeasy mini-column, washed with buffer RW1, and eluted in a 30-lL volume of RNase-free water. The samples were stored at -80°C.
RT-PCR Controls
The gastric cancer cell line OCUM-2MD3 (Osaka City University Graduate School of Medicine; Osaka, Japan), known to strongly express CEA, was used as positive control for the RT-PCR assay. Cells were incubated in a humidified incubator at 37°C with 5% CO 2 in RPMI media. Peritoneal washings were obtained from 26 patients undergoing laparoscopy for benign pathology to serve as negative controls.
RT-PCR
Reverse transcription was performed using the TaqMan Ò Universal Reverse Transcriptase Master Mix (Applied Biosystems). RNA was quantified by spectrophotometry with the Nanodrop 1000 spectrophotometer (Thermo Scientific; Waltham, MA). RT-PCR was performed on each sample using random hexamer priming and TaqMan Ò Reverse Transcription Reagents (Applied Biosystems; Foster City, CA) on a ThermoHybrid thermocycler (Thermo Scientific). When available, 2 lg of RNA was used in each reaction. For those samples that did not contain 2 lg of RNA, the entire sample (approximately 28 lL volume) was used. For each reaction, sample RNA was amplified in a 100-lL reaction containing: 20 lL of deoxynucleotide triphosphate (2.5 mM each dNTP), 22 lL of MgCL 2 (25 mM), 10 lL 10x-RT buffer, 5 lL random hexamers (50 lM), 2 lL RNase inhibitor (20 U/lL), 6 .25 lL Multiscribe Reverse Transcriptase (50 U/lL), and a variable amount of free water to total 100 lL depending on the concentration of the RNA sample. The samples were transferred to the Thermo Hybrid thermocycler at 25°C for 10 min, 48°C for 30 min, and 95°C for 5 min. The cDNA samples were stored at -20°C.
TaqMan Assay-on-Demand Gene Expression Assay primers for carcinoembryonic antigen (CEA) mRNA and 18 s rRNA were purchased from Applied Biosystems. Real-time quantitative RT-PCR was performed using the ABI-PRISM 7900 HT Sequence Detection System (Applied Biosystems). DNA was amplified in a 20-lL reaction containing 1 lM of the appropriate primer, 2 lL cDNA, and TaqMan Gene Expression Master Mix. Each PCR reaction was subjected to 30 min at 48°C, 10 min at 95°C, followed by 40 cycles at 95°C for 15 s, and 60°C for 60 s. Each sample was assayed in triplicate with positive and negative PCR controls. The endogenous control gene, 18 s rRNA, was used to confirm the presence of mRNA in the peritoneal washing samples. A positive result was defined as amplification of CEA mRNA in less than 40 cycles of RT-PCR.
Statistical Analysis
RT-PCR status is reported as positive/negative and correlated with clinical/pathologic factors using a chisquare test. The probability of recurrence was estimated by the Kaplan-Meier method and compared across groups (RT-PCR, clinical or pathologic variables) using a log-rank test. Statistical significance is defined by P \ 0.05.
RESULTS
Patient Characteristics
From March 2006 through February 2008, 125 patients underwent SL for biopsy-proven or presumed pancreatic adenocarcinoma and were entered into the study. Seven patients had intestinal type adenocarcinoma and three had cholangiocarcinoma on final pathology. These ten patients were excluded from the study. Among the remaining 115 patients, the median age was 68 years (range, 29-85). A total of 67 patients (58%) underwent curative resection in the form of pancreaticoduodenectomy (83%) or distal pancreatectomy (17%). Three of the patients underwent R1 resection, and two patients had positive peritoneal cytology in addition to positive RT-PCR. These five patients were excluded from recurrence and survival analyses.
Yield of Staging Laparoscopy
Of the 115 total patients, 32 (28%) were found to have metastatic disease at the time of SL by cytology, biopsy, or both. Within this group, a total of 13 patients (41%) had positive cytology. Three of the 13 had positive cytology only and ten had positive cytology and grossly visible peritoneal or liver metastases. Thus, among all patients undergoing SL, the yield of positive cytology by conventional Papanicolaou staining was 2.8%. The remaining 19 patients (59%) had grossly visible, biopsy-proven peritoneal or liver metastases but negative cytology.
Of the 26 patients who underwent laparoscopy for benign disease, all had negative cytology and 25 (96%) were RT-PCR negative. One patient (4%) who underwent prophylactic hysterectomy and bilateral oophorectomy had a false-positive result.
RT-PCR Results
In total, 42 patients (37%) were found to have micrometastatic disease by RT-PCR at the time of SL. Of these patients, 22 (52%) also had positive findings by cytology or biopsy of gross disease. RT-PCR therefore identified an additional 20 patients (17%) over standard SL. A total of 63 patients (55%) had no evidence of metastatic disease by biopsy, cytology, or RT-PCR (Figs. 1, 2) .
Of the 29 patients with grossly visible, biopsy-proven metastases, 9 (31%) had gross metastases to the peritoneum/carcinomatosis. An additional four patients had positive cytology with no gross peritoneal metastases. Of the 13 patients with peritoneal disease by standard staging laparoscopy, 11 (85%) were RT-PCR positive. An additional 31 patients were RT-PCR positive with no other evidence of metastatic disease to the peritoneum (Table 1) .
Nineteen patients (66%) had gross metastatic disease confined to the liver at the time of SL. Within this group, 1 patient (5%) was cytology positive and 12 (63%) were RT-PCR positive. One patient had biopsy-proven metastatic disease to grossly enlarged hepatic artery lymph nodes and was both cytology and RT-PCR negative. Table 2 
Correlation Between Clinical Factors and RT-PCR
Recurrence and Survival
Disease recurrence was analyzed in the 62 patients who underwent R0 resection. Within this group, 11 patients had washings positive for CEA-mRNA by RT-PCR as their only evidence of metastatic disease. These 11 patients (Fig. 3a) . The majority of first site recurrences in the 11 patients with positive RT-PCR were peritoneal (Fig. 3b) . Survival also was analyzed in the 62 patients who underwent R0 resection. A trend toward decreased survival was observed in the RT-PCR positive patients but did not reach statistical significance (P = 0.37; Fig. 3c ). A univariate analysis was performed to evaluate various clinicopathologic factors known to be associated with prognosis in the 62 patients that underwent curative resection (Table 3) . RT-PCR positive status and degree of differentiation of the primary tumor significantly correlated with early disease recurrence (P = 0.01, P = 0.01; respectively). 
DISCUSSION
SL provides important staging information in the preoperative assessment of pancreatic cancer patients by identifying patients with liver and peritoneal metastatic disease that cannot be detected by standard high-quality radiologic assessment. 4, 9, 19, 20 Patients who are found to have subradiologic metastatic disease are very unlikely to benefit from pancreatic resection. Conventional cytology is currently accepted for assessment of peritoneal micrometastatic disease. However, cytology lacks sensitivity, because many patients with negative cytology develop early peritoneal recurrence.
We have previously demonstrated that real-time quantitative RT-PCR can be used as a potentially more sensitive method of detection of cancer cells in peritoneal washings of patients who undergo SL for staging of pancreatic cancer. We optimized this assay using a panel of probes and found that CEA to be the most sensitive and specific marker. 18 We did not measure CEA levels in the samples because it has been shown that measured peritoneal fluid CEA levels are not prognostic of peritoneal recurrence and the accuracy of measured CEA is inferior to that of RT-PCR-detected CEA. 21 The current study reports the clinical significance of CEA mRNA in peritoneal fluid of patients with pancreatic cancer who undergo curative resection with no other evidence of metastatic disease. In our entire cohort of 115 patients, RT-PCR for CEA increased the yield of detection of peritoneal micrometastases by 17% compared with standard SL. The majority of patients found to have gross metastatic disease and/or positive cytology at laparoscopy also were RT-PCR positive. The few who were not might have had tumors that did not express CEA. Additionally, many of these patients had liver metastases that were biopsied at laparoscopy representing a hematogenous route of metastasis rather than transperitoneal. It has been shown that in patients with gastric cancer, CEA levels in peritoneal fluid are independent of those in sera. 22 We, therefore, did not correlate RT-PCR positivity with serum CEA levels in this study. These observations imply that RT-PCR should not replace gross examination of the peritoneal cavity and conventional cytology as components of SL but should be added to maximize detection of metastatic disease. In the entire cohort, RT-PCR positive status correlated with other indicators of advanced disease, including advanced clinical T stage, positive cytology, and the presence of peritoneal and hepatic metastases.
In patients who underwent curative resection with no other evidence of metastatic disease, detection of CEAmRNA by RT-PCR predicted early peritoneal recurrence. In addition, RT-PCR positive status demonstrated a trend toward decreased overall survival. Katsuragi and colleagues similarly demonstrated poor prognostic impact of RT-PCR-based detection of peritoneal disease in patients with gastric cancer, but this is the first study to demonstrate this finding in patients with pancreatic cancer.
14 Poor differentiation was the only other variable associated with early recurrence in our study. We do not know whether the early recurrence is being independently predicted by the RT-PCR status, or whether it is driven by the degree of differentiation. We have too few patients for a multivariate analysis at this time.
We have demonstrated that the addition of RT-PCR to SL in the preoperative assessment of patients with pancreatic cancer identifies a subgroup with clinically relevant micrometastatic peritoneal disease not detected by conventional cytology that is at high risk for early recurrence and possibly early death after R0 resection. If these observations can be expanded and validated, RT-PCR of peritoneal washings may be another useful technique to help select pancreas cancer patients at risk for early recurrence, for whom treatment other than upfront surgical resection may be appropriate.
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